INTRODUCTION
An outstanding problem in statistical mechanics is to establish the connection between the microscopic structure of a fluid and its macroscopic behavior. Perhaps the most celebrated problem in this context is the derivation of Euler's equations from the small scale dynamics governed by Newton's second law. Euler's equations can also be obtained through purely macroscopic considerations. One can formally derive these equations employing the conservation of mass, momentum and energy.
We can simplify the problem above by considering other models with only one conservation law, one such being that of particles with simple 120 F. REZAKHANLOU exclusions. Although this model is simpler, it retains many aspects of the original problem.
An important aspect of one conservation law with nonlinear flux is the development of discontinuities in its solutions, physically corresponding to the occurrence of shocks in fluids. The main objective of this paper is to investigate the microscopic structure of shocks in one conservation law.
The simple exclusion process (SEP) is a continuous time particle system in which particles move as random walks on a one-dimensional lattice but are excluded from occupying the same site. The precise definition of SEP will be given in the next section.
The walk, and h( p) = p( 1-p). See for example [13] and the references therein.
It is well known that if h is nonlinear, equation ( 1.1 ) does not in general possess globally defined smooth solutions. It is therefore necessary to interpret (1.1) Then, according to the Lax-Oleinik formula [9] , p can be defined by
It turns out that for each positive t, y(x, t) is nondecreasing in x. We denote the inverse of y(., t) by x(., t).
One of the main results of this paper characterizes x (a, . ) as the trajectory along which the disturbances in the density propagate. More precisely, let be an initial density which is different from po(') only in a 6- neighborhood of the point a. If 03C103B4(x, t) denotes the unique entropy solution of (1.1) with the initial density po,s, then p~(~, t) is different from p(x, t) only in a small neighborhood of x(a, t). We also identify x(t) = x(a, t) to be the generalized characteristic of (1.1) emanating from a. Generalized characteristics were initiated by Dafermos [2] a way that at later times, the discrepancy between the two will occur at a single site. This site is the location of the additional particle known as the second class particle.
Ferrari [4] ([4-6] , [8] , [15] ). In the last section we will give a formal derivation of (1.7) for general initial data. See also Spohn [14] .
The organization of this paper is as follows: §2 is devoted to the statement of our main results. In §3 we study the propagation of disturbances and its relation with generalized characteristics. The proof of the Law of Large Numbers for second class particles will be given in §4. A formal derivation of the formula (1.7) will be given in the last section.
NOTATION AND MAIN RESULTS
The primary purpose of this section is the statement of the main results.
This section is divided into three parts. In It is well known that w solves the Hamilton-Jacobi PDE and in fact w is given by Hopf's formula (see [9] , [10] (2.9) . Throughout the paper we will refer to (2.14) as the Lax-Oleinik formula.
Note that for each t1, t2, y+ (x; t1, t2) = y-(x; t 1, t2 ) for all but at most countable x. At such point p(x, t2 ) is defined to be p+ (x, t2 ) = p-(~, t2 ) .
Moreover since p is bounded, (2.14) implies
We denote the inverse of ~~ (x; tl , t2 ) in x-variable by ~~ (~; tl , t2 ), and they enjoy the following relationships +(x; tl, t2) _ ~-(x; tl, t2), we denote it by ~(x; tl, t2). Similarly we define x(~; tl, t2), x(y, t) and y(x, t). x+ (a; tl , t3 ), = x* which implies (3.5).
Step 3. -To complete the proof of (3.5) On the other hand, (3.30) implies b a, so ~~ (x, t) a, contradicting (3.27). Thus (3.27) implies (3.25 ).
Final
Step. -It is left to show that (3.28) implies (3.25 
. SECOND CLASS PARTICLES
In this section we prove Theorems 2.8 and 2.10. The nearest neighbor jump assumption in the SEP case and the concavity of g plus the uniform asymmetry in the case of ZRP imply that a single second class particle will be trapped between a bunch of second class particles. This can be utilized to reduce the law of large numbers for a single second class particle to the law of large numbers for the density of second class particles. We then apply Theorems 2.11 and 2.12 to complete the proof of Theorems 2.8 and 2.10.
We start with the proof of tightness. Step 3. -If q = 0, it is possible to couple the processes so that for all times there is no a-particle on the left of Xt. This is not possible if 0. However the special form of the last term in (4.4) makes it possible to construct a coupling so that a good number of a-particles stay on the right of xt. The idea is as follows. We label a-particles from 1 to N where N is the total number of a-particles. We let a particle of a given label jump according to the following rules:
(1) with rate p -q it jumps to the left if there is no (-particle there, i, j (i ~ j ), then in the i-th particle is sitting at v and the j-th particle is sitting at u.
Step 4. -We already know how a(u) = ((u) -7](u) are distributed initially. We assume that z is distributed symmetrically at t = 0. In other words, if at t = 0, we change the labels the probability assigned to a configuration does not change. This The rate of the jump of an a-particle is g(n + k) -g(n) if n = a (u; z) . We assume that each a-particle jumps with rate 150 F. REZAKHANLOU k (.9(~ + k) -g(n)) so that the total rate of a jump from u to u + 1 becomes g(n + k) -g(n). The generator of (~, z) is where is a confiuration obtained from z by moving the i-th particle from zi to zi + 1.
The first inequality in (4.12) with ~-k+, the derivation of ( 1.7) is due to Spohn [ 14] .
MICROSCOPIC STRUCTURE
A rigorous derivation of (1.7) can be found in [3] and [8] under the additional assumption k-= 0. The case k-> 0 has been recently treated by Ferrari and Fontes [5, 6] .
In the case of ZRP, (1.7) was established by Wick [15] under the assumptions p(l) = 1, g(n) = 1l (n > 0), and k-= 0.
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